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Coacervate Complex: Aqueous Liquid-Liquid Phase Separation
Wang, Q.; Schlenoff, J. B. Macromolecules
2014, 47, 3108
▪ Polyelectrolyte coacervation occurs from liquid-liquid separation of the formed complexes 
between oppositely charged polyelectrolytes in salted water
▪ Variety of biological coacervate systems are found in nature, i.e. mussels and sandworms, where 
one major component is protein, which is zwitterionic polymer that depending on its conditions 
can be net positive, negative or net neutral
Our focus on Multi-responsive organic-inorganic coacervate complexes
Liquid-liquid Phase Separation
100 µm
Supernatant 
Coacervate 
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Mechanism: Ion Pairing
▪ Mechanistic (entropic) formation of organic-inorganic 
coacervates with improved mechanical strength
▪ Control and modify material properties and stimuli-
responsive characteristics of hybrid coacervates 
▪ Explore new practical applications of organic-inorganic 
coacervate complexes, i.e. (bio)separation, wastewater 
treatment, drug delivery, battery electrolyte and electrodes
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Polyzwitterion-POM Coacervate 
Complexation
Polyampholyte 
AMPS MAPTAC
Jing, B., Zhu, Y. et al. (2017). Soft Matter,
13(4881-4889)
CH3 CH3
▪ Polyampholytes as protein analogs consist of both 
anionic and cationic monomers, and its net charge 
can be predicted by the monomer feeding ratio
▪ From polybetaine aspect, a tunable system is desired 
to modify the phase diagram and material properties 
as well
Multivalent POM polyion:
Li6[H2W12O40]
d= 0.8 nm 
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Polyoxometalate (POM) Nanoclusters: Inorganic Polyacids
▪ Transition metal oxide clusters: inorganic polymers of size 0.8-6 nm
▪ Well-defined molecular structure at atom level, with dissociable charge number 2 to > 42 e- per 
POM
▪ The solution of POMs is thermodynamically stable solution, not suspension
▪ Explored as catalysts, optical and magnetic materials, semiconductors, anti-cancer medicines
T. Liu, Langmuir 2010, 26: 9202; T. Liu, et al. Nature 2003, 426: 59; B. Rausch, et al. Science, 2014 , 
345: 1326
Self-assembly Catalyst
Organic-inorganic Complexes:
Integrated functions and enhanced material properties
Effect of Net Charge on Viscoelastic Properties
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Temperature-Frequency superimposition
▪ Critical gel behavior of dense coacervate complexes with significantly enhanced viscoelasticity 
by 3-5 orders of magnitudes in comparison to polyelectrolyte coacervates
▪ Viscoelasticity  of polyampholyte-POM coacervates can be effectively modified by the net 
charge of polyampholytes; for instance, increasing AMPS monomer fraction by 5% leads to 
changes of shear moduli by more than an order of magnitude
▪ Strong temperature (T)-dependent  viscoelasticity of polyampholyte-POM coacervates
▪ Reversible transition between biphasic coacervates and homogeneous solutions by T
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Drugs Encapsulation and Release via Liquid-Liquid Separation
m
Biocompatible 
polymers
Biomolecules (i.e. DNA, 
peptide, protein) or drugs
Liquid-Liquid Phase Separation
(Coacervate Complex)
Doxorubicin Imatinib Vancomycin
Polyampholyte-Doxorubicin Coacervate Complexation
PBS Buffer
DOX encapsulated in dense phase
PBS Buffer + 100 mM KCl
DoX released in solution
0 10 20 30 40 50
20
30
40
50
60
c c
oa
ce
rv
at
e/
c s
up
er
na
ta
nt
cPolyampholyte (g/L)
Extracellular Ionic Strength
Intracellular Ionic Strength
Add salt
Tested drugs:
Summary
❑ General coacervate formation between biocompatible zwitterionic polymers and 
inorganic nanoclusters with significantly enhanced mechanical stability and strength
❑ A simple, one-step coacervation process for drug encapsulation in polyampholyte 
coacervate complexes with high efficiency and controlled releases from by solution or 
environmental conditions such as salt, pH, and temperature
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